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采用 MOVPE 生长技术外延生长了质量良好的高 Al 组分 AlGaN 材料，通过对
其表面清洗、优化退火条件等工艺，获得了欧姆接触。针对 n 型 AlGaN，我们采
用 Ti/Al/Ti 多层金属作为其电极材料，通过 I-V 特性曲线测试发现，欧姆接触的性
能与退火温度和时间密切相关，在 850 °C 条件下退火 90 s 所形成的电极欧姆接触
性能得到 佳优化。AES 分析化学成分深度剖析表明，热退火过程中，金属发生
了有效的互扩散运动，形成了功函数较小的 TiAl 合金并与 AlGaN 界面良好接触，
有助于电流通过，从而形成低电阻率的欧姆接触。 
对 p 型 AlGaN，在其上添加 p+-GaN 盖层进行欧姆接触的制作，以防止高氧化
性 p-AlGaN 吸附氧而导致接触变差。我们采用 Ni/Au 双层金属作为其电极材料，
I-V 特性曲线和 AES 测试结果表明，只有当退火氛围中含有氧时，才较容易形成欧
姆接触；欧姆接触的性能随退火温度的变化而改变，随着温度升高，其接触效果
逐渐提升，在 450 °C 温度下退火形成的电极与 p 型衬底的欧姆特性 佳，且表面
平整度保持较高。但当温度高于 550 °C 之后，样品表面颜色明显变浅，表面平整
性受损。 
为了研究获得良好欧姆接触电极的微观机理，我们构建并模拟了不同情况下
n-AlGaN/TiAl 界面的原子和电子结构。计算结果表明，在界面富 N 情况下，即当
金属原子直接与 N 端面原子相连时，狭窄的带隙出现在金属与半导体界面处，接
触势垒为 2.32 eV，表现为肖特基接触性质；而在界面富金属情况下，即当金属原
子直接与 Al 端面原子相连时，其禁带宽度逐渐减小并 终消失，接触势垒降低为
















互扩散过程中 Ti 原子与 Al 原子的杂化作用对形成欧姆接触起到关键的作用。 
对于电极研究结果的应用，我们通过调节量子阱结构中的 Al 组分，制备了一
系列波长低于 330 nm 的紫外 LED 结构，并很好地实现了电致发光。它们在电致
发光状态下，很好地激发蓝光、绿光和红光荧光粉，荧光效果清晰明亮，效果明



















AlGaN based devices have attracted great interests in the past few years for 
applications in rltraviolet devices. In fabrication of optoelectronic devices, ohmic 
contact with low resistant formation plays the key role in improving the performances. 
In order to obtain the high quality ohmic contact, the contact properties of the interface 
between semiconductor and metal were studied and the forming mechanisms of ohmic 
contact were revealed by both theoretical and experimental methods.  
High quality AlGaN wafers with high aluminum content were deposited by 
MOVPE and ohmic contact was achieved through the optimization of the annealing 
conditions. For the case of n-AlGaN/TiAlTi, I-V characteristic analysis reveals that the 
performance of the ohmic contact is associated with the annealing temperature and 
duration. It was found that the best ohmic contact can be obtained annealed at 850 °C. 
Elemental profile by Auger electron spectroscopy shows that during the annealing, 
metal atoms inter-diffuse across the interface and form TiAl alloy with a lower work 
function, which leads to the effective ohmic contact. 
For the case of p-AlGaN, the contact is made by depositing Ni/Au metal stack on 
the extra p+-GaN cap layer, preventing surface oxidation. I-V curve measurement 
together with AES elemental profile demonstrates that the formation of ohmic contact 
strongly depends on the annealing atmosphere and temperature. The ohmic contact can 
be achieved by annealing at 450 °C for 10 min under O rich atmosphere and meanwhile 
it shows a smooth surface. The contact behavior is deteriorated when the temperature 
becomes higher than 550 °C. 
To elucidate the mechanism of ohmic contact formation, first-principles 
calculation was employed to AlGaN/alloy systems. The results show that the band gap 
mergers into the n-Al0.5Ga0.5N layers at the interface for the case of Al rich surface, 
whereas the narrow band gap at the interface gradually disappears for the case of N rich 
surface, indicating an effective ohmic contace with barrier height of about -0.88 eV. The 















alloy process critically contributes to the formation of alloyed ohmic contact. It is 
believed that the contact resistance could be further reduced when a heavily Si-doping is 
introduced into high Al composition AlGaN. 
To apply the results of our ohmic contact studies, UV-LED chips with different Al 
contents in the multi quantam wells were fabricated for various emitting wavelength 
and the electrodes were treated by the optimal techniques. These UV-LEDs show 
excellent performance with wavelength below 330 nm and well simulated various 
phosphor powders by electroluminescence. 
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重点转向了短波长的紫外区域。随着 Al 组分的变化，其三元化合物 AlGaN 的禁带
宽度可以连续变化，从 GaN 的 3.4 eV 到 AlN 的 6.2 eV 之间连续可调，适于制作
紫外波段的发光二极管(LED)、激光二极管(LD)、紫外探测器等各种器件[8-10]。




的紫外辐射探测[11]。因此对高 Al 组分 AlGaN 材料的生长和器件的研制也成为了
近的研究热点。 
但是，随着 Al 组分的增加，高质量 AlGaN 材料的制备具有很大的难度：外延
生长过程中难以有效地控制二维生长，容易导致薄膜缺陷密度高、表面不平整、
























































图 1.2 金属与 p 型半导体接触(φm>φs) 








































ρ ，                              (1.1) 
其中 V 是外加偏压，j 是穿过接触区的电流密度，Rc是接触区的接触电阻，ΔA 是
接触面积。测ρc 的方法有多种，其中， 具代表性的方法主要有传输线模型
（Transmission Line Model：TLM）和在 TLM 基础上发展起来的圆形传输线模型
（Circular Transmission Line Model：CTLM）。其基本的原理都是在一些接触点间
测量相应的电压和电流，求出总电阻，从而求得比接触电阻率。 
(1) 传输线模型（TLM） 
TLM 是测量欧姆接触电阻率传统且成熟的测试模型[17]，同时利用 TLM 也可
以确定材料的方块电阻及其分布。图 1.3 是这种模型的测试结构图。通过刻蚀在材
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